( + + or --) and nd is the number of characters in which two strains showed different symbols (+ -). The method used for calculation of S-values was described previously (Tsukamura, 1966) . Clustering was made by single linkage (Sokal & Sneath, 1963) .
Among the characters used 25 were ineffective for differentiation between the members of the genus Nocardia, giving either all positive or all negative results for the whole set of organisms. Nevertheless, these were retained in the test series. On the other hand, several characters reported as useful-for differentiation between the members of the genus Nocardia (Gordon & Mihm, 1957 , 1962a were not included in this study because the same test series was applied to both mycobacteria and nocardias.
Hypothetical Mean Organism (HMO) is the term used to express a mean charac-
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terization of a species, which is a slight modification of the 'Calculated Median Organism' of Liston, Wiebe & Colwell (1963) . For preparation of HMOs, the mean number of positive characters (mean of the characters showing a positive reaction in a strain) is calculated for every species or group. The number of positive characters in an HMO is equal to the mean number of positive characters per strain. The characters to be used for preparation of an HMO are chosen, first taking a character appearing at the highest frequency and then taking a character appearing at the next (lower) frequency, and the choice of such positive characters continues until the number of characters obtained equals the mean number of positive characters.
The number of characters used for the preparation of HMOs is not always equal to the mean number. If, after selection of one less than the mean number of characters, three characters showing the same frequency are found, these three are added, obtaining two characters more than the mean number. The HMOs thus prepared are similar to the Calculated Median Organisms of Liston et al. (1963) . The average S-value between the HMO and the Calculated Median Organism in various mycobacterial species was 98.5 % (Tsukamura & Mizuno, 1968) . Details of the method of preparation of the HMO and a few advantages in the use of the HMO (for example, it is possible to calculate the degree of deviation in the characters of an HMO) were described previously (Tsukamura & Mizuno, I 968).
RESULTS

Numerical classijication of Nocardia (strains provided by Dr Gordon)
Numerical classification of 34 strains of Nocardia received from Dr Gordon as reference strains showed clearly 6 clusters: ( I , 2 ) N. asteroides (two clusters); ( 3 ) N. brasiliensis; (4) N. caviae; (5) N. pelletieri; (6) N. madurae (Fig. I ) . The clusters of N. asteroides were labelled group A (from ATCC 9970 to R-553) and group B (from R-764 to ATCC 3318), respectively. Strain ~-1 3 5 1 received as N. caviae was not in the cluster of N. caviae and, therefore, was omitted from the group of N. caviae.
A dendrogram showing relationships between the species was prepared from the S-value table shown in Fig. I and is shown in Fig. 2 .
Since a type strain of Nocardia asteroides seems to be non-existent, it was desired to consider which group contained, as nearly as possible, the characters attributed to N. asteroides. All strains showed the characters described by Gordon & Mihm (1957 , 1959 , 1962a , but three characters used by them were variable. Not all of the 7 strains of group A formed acid from rhamnose, or grew at 45", and 5 of 7 showed reduction of nitrate to nitrite. On the other hand, all 3 strains of group B formed acid from rhamnose, grew at 45", and failed to reduce nitrate. Gordon & Mihm (1957 , 1959 , 1962a ) described these characters as follows: (a) 32 % of the strains tested formed acid from rhamnose; (b) 42 of the strains grew at 45"; and (c) 88 % of the strains reduced nitrate to nitrite (Gordon & Mihm, 1962a) . These characters resemble our group A rather than group B; accordingly, group A was named N. asteroides, but group B required another name. Group B included strain ATCC 3318, named N . farcinica Trevisan (Gordon & Mihm, 1957 , 1962a , which name seemed to be suitable for group B.
Differentiation between groups A and B could be made not only by these characters Taxonomy of Nocardia 269 but more distinctly by many other characters (see below). It is now intended to demonstrate differences between these two species in tests of more strains and to make acceptable the proposal for the division of the species N. asteroides into two separate species.
Numerical classification of Nocardia (strains provided by Dr Uesaka and Dr McClung)
Results of the numerical classification of 78 strains received from Dr Uesaka, which were mainly from the collection of Dr McClung, are shown in Fig. 3 . Two distinct clusters were present, but half of the strains remained unclustered. One of the clusters consisted of 34 strains (from c-407 to M-175); the other of 7 strains (from M-I to 
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NRRL 61531). As shown later, strains of the large group were identical with group B, that is, N. farcinica, and another group was shown to be a species distinguishable from the other species. In the following, the course of classification and identification will be described in detail. 
* Data on egg media were excluded. Accordingly, a total of 91 characters was tested. In other groups, a total of 100 characters was tested. 
Intragroup-mean S-values to the HMO are as follows: (I) 93-6f 2-58 % (n = 7); (2) 95.9 f 2'55 % (n = 7); (3) 97.5) 1.38 % (n = 6); (4) 95-3+ 1-98 % (n = 7); (5) 94.6f3.17 % (n = 30); (6) 92'4k 2-07 % (n = 5 ) ; (7) 96.6f 1.34 % (n = 5). (Refer to the right column in Table 2 .) Figure 3 was prepared by a rearrangement of the S-value table of 78 strains. When a diagrammatic representation of the S-value table of the strains was first prepared, two clusters were recognized, one large cluster consisting of 30 strains (from c-407 to M-200) and another small cluster consisting of 7 strains (from M-I to NRRL 61531). These clusters were named provisionally Kyoto-I and Kyoto-11, respectively. In order to compare these two groups with the 6 groups obtained by a numerical classification of Dr Gordon's strains, HMOs were prepared for each of the following groups (Table I) 
Intra-group mean S-values are significantly larger than inter-groups mean S-value (P less than 5 %). (n = 15) Intra-group S-values are significantly larger than inter-groups mean S-value (P less than 5 %). 
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Intra-group mean S-values are significantly larger than inter-groups mean S-value ( P less than 5 %).
(n = 435) x (standard deviation) %. (Kyoto-11) ; F = N. farcinica (Kyoto-I); B = t As to the permissible limit of S-value, see Table 5. 1 If an S-value was outside the permissible limit of 7 species but remained within a 5 % range from the permissible limit of a species, this species name was indicated with the double dagger. If an S-value was within the permissible low limit of a species, this species name was indicated as the species identified. Spaces remaining blank show that no species was identified. 
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Mean number of positive features for each group or species, intragroup-S-value for each group, and mean S-value to the HMO for the members of each group are shown in Table 2 .
An S-value table of the HMOs is shown in Table 3 , and a dendrogram prepared from it is shown in Fig. 4 . Comparing the mean S-values to the HMO, which are shown in Table 2 , and the S-values between the HMOs, which are shown in Table 3 , it is conceivable that there are statistically significant differences between an intragroup-S-value to the HMO, which is shown on the right column in Table 2 , and an intergroup-S-value (Table 3) , and these 7 groups were considered to be distinct species. Table I Suggested to be a member of N. asteroides (see Table 10 ).
When two groups, Nocardia asteroides (group A) and N. brasiliensis, were compared, the HMO of these showed an S-value of 88 %, the highest among the intergroup-Svalues ( Table 3) . Mean S-value for members of N. asteroides to its own HMO was significantly greater than mean S-value to the HMO of another species, N. brasiliensis (Table 4) . On the other hand, mean S-value for the members of N. brasiliensis to its own HMO was significantly larger than that to the HMO of N . asteroides (Table 4) . These results indicate that N. asteroides and N. brasiliensis are distinct from each other.
It was noticed that an S-value between two HMOs may differ from an intergroupmean-S-value actually calculated on two groups. As shown in Table 3 , S-value between the HMO of Nocardia asteroides (group A) and the HMO of N . brasiliensis was 88 %, and S-value between the HMO of N. brasiliensis and the HMO of N. caviae was 84 %. In contrast, when calculated with these groups directly, intergroup-mean S-value between N. asteroides (group A) and N. brasiliensis was 82-9 3-37 % (n = 49) Taxonomy of Nocardia 277 (Table 5) and intergroup-mean S-value between N . brasiliensis and N . caviae was 84.6& 2.62 % (n = 42) ( Table 6 ). The former was significantly (P = 5 %) smaller than the latter. It is considered that this discrepancy is due to HMOs being a sym- -r Suggested to be ti member of N. brasiliensis (see Table 10 ). cluster in numerical classification; characters of this group seemed to be similar to those of the group B of N. asteroides (N. farcinica). Twenty-two of the 30 strains had been received as N. asteroides, and the group Kyoto-I included strain M-86 of N. asteroides, which is the same as strain ATCC 3318 of N . farcinica.
282
M. T S U K A M U R A
Identification of the group B of Nocardia asteroides (that is, N. farcinica) as group Kyoto-I was carried out by determining S-values for three strains of the group B to various HMOs. These are shown in Table 8 . Assuming that S-values to the HMO for individual members of a species show a normal distribution curve, it will be expected that c. 95 % of the members of a species will be included within the limits ((Mean) & 2 x (Standard deviation)). Thus, a permissible low limit of the S-value for strains to be included in a species will be ((Mean) -2 x (Standard deviation)) %; this limit is calculated from the data of Table 2 and is shown in Table 8 . When S-values for the 3 strains of group B to various HMOs were determined, only
S-values to the HMO of group Kyoto-I were within the permissible low limit (88.3 % or more); S-values to the other HMOs remained outside the limits (Table 8) . Thus, strains ATCC 3318, w-3409~ and R-784 were identified as a member of the group Nomenclature of species. From the results obtained, 7 groups could be recognized in this study: (I) Kyoto-I = group B of Nocardia asteroides; (2) (3) group A of N. asteroides; (4) N. brasiliensis; (5) N. caviae; (6) N. pelletieri; (7) N. madurae. Of these, the nomenclature of the last four is no problem. In the following, nomenclature of the first three is discussed.
Strains of group A of Nocardia asteroides and group B of N . asteroides (= Kyoto-I) had been received bearing the name N . asteroides. These two groups, however, showed distinctly different clusters and were [considered to be two different species. According Kyoto-I. 
Identification of strains not forming a cluster by preliminary sorting
It is supposed that, when S-values to the HMO for individual members of a species show a normal distribution curve, c. 95 % of the members of the species are included to the range {(mean) k 2 x (standard deviation)}. The permissible low limit of the S-value to an HMO is set for each species at {(mean S-value to the HMO)-2 x (standard deviation)} %. After establishing the permissible low limit for species, identification is made without subjective judgement (automatically) by determining S-values for the unknown strain to various HMOs. If an S-value to a HMO is within the permissible limit and S-values to the other HMOs are outside the permissible limits, the unknown strain is identified as a species of the first HMO. This method was applied to the strains received from Dr Uesaka and not forming a cluster in preliminary sortings, and the results are shown in Table 10 . Adding the strains thus identified, the strains identified in the 7 species are shown in Table 9 and Tables 11 to 16 , and the frequency of characters in the species summarized in Table 17 .
Eleven strains remained unidentified (Table 18) ; some may be distinct species.
S-values between these strains were less than 80 %, except in the following pairs: Typical strains of the species. Strains showing a high similarity to the HMO are used as reference strains, and are shown in Table 19 .
A simple method of identijication The principles of numerical taxonomy make an ideal basis for a method of identification, and a method of using HMOs has been presented in this paper. Laboratories not specialized for bacterial identification need a simpler method. In the identification of mycobacteria, two methods have been found useful, amidase pattern (Bonicke, 1962) and pattern of nitrogen compounds used as simultaneous nitrogen and carbon sources (Tsukamura, 1967 c) . By a combination of these two methods, identification is successful with most strains, and typical patterns of the species are shown in Table 20 . Schneidau (1963) stated that the amidase pattern was not as uniform in nocardias as in mycobacteria, and in the present study it was found that identification of nocardias was not successful by the use of the amidase pattern alone, but the test was useful in combination with utilization of nitrogen compounds as simultaneous nitrogen and carbon sources. A practical diagnostic table was prepared by a selection of distinguishing characters, with frequencies of more than 91 % in some species but in others at a frequency as low as 10 %. This is shown in Table 21 , which included a few characters with a frequency less than 90 %.
Although both identification tables (Tables 20 and 21) include 17 tests, Table 20 could be more easily applied in practice. Table 21 contains more characteristic tests, and would provide a more accurate result.
Taxonomy of Nocardia
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DISCUSSION
Division of Nocardia asteroides into two species
The most important conclusion reached in this study is that the species N. asteroides can be divided into two species, Nocardia asteroides (Eppinger) Blanchard and Nocardia farcinica Trevisan (both in new senses). Among 1 1 2 strains received as Nocardia species, 2 1 strains of N. asteroides (in a new sense) and 38 strains of N . farcinica (in a new sense) were identified (Tables I I and 12) ; the data of comparison between these two species are summarized in Table 22 . Eighteen of 2 1 strains of the former and 28 of 38 strains of the latter had been named as N. asteroides when received. (1962) No. of strains tested.. . 7 Distinguishing characters shown in Table 12 .
Relationslzips between species. Numerical classification of the strains received from Dr Gordon differentiated 6 clusters, (I) Nocardia asteroides, (2) N. farcinica, (3) N . brasiliensis, (4) N. caviae, ( 5 ) N. pelletieri, and (6) N. madurae (Fig. I) , and these results agreed well with the results obtained by classical methods, except that N . asteroides was divided into two species, N. asteroides (in a new sense) and N. farcinica. Numerical classification of the strains received from Dr Uesaka differentiated another cluster of N. rubra. Relationships between these species are shown in Table 3 as an S-value table of HMOs of these species and in Fig. 4 as a dendrogram.
The IOO characters used in this study were mainly composed of nutritional requirement tests and biochemical tests, and included only 9 morphological characters. Since morphological characteristics have been recognized as important in classical taxonomy of the genus Nocardia, we would like to add some comments on morphology. All strains received from Dr Gordon as N . madurae and N. pelletieri showed well-developed mycelium tending to fragmentation (designated permanent mycelium in this study). They showed only scant growth on Ogawa egg medium, possibly due to their sus-
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ceptibility to malachite green (Uesaka, 1964) , making it impossible to take into account in the S-value characters determined on this medium. These two species were distinct from other species in dendrograms ( Fig. 2 and 4) and seemed to belong to a Streptomyces-like nocardia of Schneidau & Shaffer (1957) . However, it has not been concluded whether or not these are Streptomyces.
Permanent mycelium was observed not only in these species but also, to some extent, in 16 strains of other species. Among these, 5 belonged to an unidentified group ( 
